Backgrounds/Aims: Hepatic artery (HA) reconstruction during living donor liver transplantation (LDLT) has been performed by experienced microsurgeons with operative microscope in most centers. However, it takes long time to learn the skills and so, to simplify this procedure, transplant surgeons recently performed this procedure using surgical loupe. Methods: This study retrospectively reviewed outcomes of 237 LDLTs at our institution from January 2012 to October 2016. In group I, HA reconstruction was performed under operative microscope by an experienced microsurgeon and in group II, it was performed using surgical loupe by a transplant surgeon with little experience for arterial anastomosis. Results: There was no difference in most perioperative outcomes between two groups except mean time required for HA reconstruction (24.2±4.3 vs. 20.9±6.9 minutes, p=0.001). Multivariable regression modeling to adjust for baseline differences showed that the use of surgical loupe was not associated with either HA thrombosis or intraoperative HA revision rate. Conclusions: HA reconstruction under surgical loupe can be performed simply and yields results as good as with operative microscopy, even when the transplant surgeon has less experience with HA anastomosis. 
INTRODUCTION
Living donor liver transplantation (LDLT) has gradually been accepted as the best treatment option for patents with end-stage liver disease because of the shortage of deceased donors. 1, 2 However, the arterial reconstruction during LDLT is technically more difficult than in deceased donor liver transplantation (DDLT) because of the small diameter of the vessels in partial liver grafts. [3] [4] [5] The use of an operating microscope was adopted initially because of the high hepatic artery thrombosis (HAT) rates and the use of microscopic surgery during LDLT significantly reduced the incidence of HAT and improved graft survival. 4, [6] [7] [8] Therefore, in most centers, an experienced microsurgeon establishes hepatic artery (HA) flow using an operating microscope. 3, 9 However, it takes a long time to learn the skills involved in microsurgical reconstruction and to gain sufficient experience to achieve good outcomes. 3, 9, 10 In addition, the HA reconstruction takes longer because of the deep operative field, shorter HA graft, and size discrepancy between the donor and recipient HA. 3 With increasing experience in LDLT, some surgeons have reported that loupe magnification can achieve similar results in LDLT without the need for a microscope. 3, 9 Therefore, this study retrospectively reviewed our experience with HA reconstruction in adult-to-adult LDLT and describes the excellent outcomes without an operating microscope especially focusing on the beginner's point.
PATIENTS AND METHODS

Patients
Between January 2012 and October 2016, we retrospectively studied the records of 237 LDLT patients using data collected among 241 cases of consecutive adult LDLT performed at our institution. 
Postoperative management
The immunosuppression regimen consisted of calcineurin inhibitors, mycophenolate mofetil and low-dose steroids. Fresh-frozen plasma was transfused only when massive bleeding and oozing were observed. Prostaglandin E1 was administrated intravenously immediately following graft reperfusion and continued for seven days. All patients were not heparinized in the postoperative period as prophylaxis. Acetylsalicylic acid 100 mg/day was started when the patient tolerated oral intake. Postoperative complications and survival Table 3 shows details of the main postoperative complications; no significant difference was found between the groups. There were four cases (1.7%) of HA thrombosis:
RESULTS
Patient and perioperative characteristics
two cases in group I and two cases in group II. All thromboses were detected within 2 days after LDLT, and inappropriate manipulation for intimal detachment due to poor arterial conditions was regarded as the main cause.
All thromboses were resolved with prompt re-exploration and HA revision. The resistive index and peak velocity of the HA on serial postoperative DUS were not different between the groups. Moreover, mild HA stenosis (defined as anastomotic narrowing of less than 50% with no clinical sign) 10 was diagnosed in 27 patients (11.2%) by dynamic CT scan on postoperative day 14 but did not differ between the groups. No significant differences in biliary stricture were observed between the two groups. The overall patient and graft survival also did not differ significantly between the groups by Kaplan-Meier log-rank analysis (p＞0.05).
Subgroup analysis of patients
We divided group II into subgroup era I (the first 50 cases) and subgroup era II according to evaluate the effect of learning curve phenomenon on LDLT outcomes. According to subgroup analysis, HA reconstruction time in era I have significantly higher than that in era II (25.8±8.3
vs. 18.1±4.4 minutes, p=0.031) and the increased HA occlusion rates including HAT and HA revision in era I than that in era II were shown (12.0% vs. 3.9%) although there was no significance. As compared with microscopy group, these rates related to HA occlusion in subgroup era I have slightly higher than that in microscopy group (5.9% vs.
12.0%, p=0.161).
DISCUSSION
The surgical procedures for both the donor and the recipient during LDLT are more complicated than those during DDLT. Although the operating techniques have been refined, HA reconstruction for LDLT is still considered challenging because of the risk of HAT because of the smaller arterial size, which could have dismal outcomes. 3, 6 In fact, the early experience with LDLT was gloomy because the rate of arterial thrombosis was as high as 28%. 6, 12 To resolve this problem, Kyoto's group introduced a microsurgical technique for HA anastomosis in the 1990s.
12
They reported that the HAT rate was reduced from 28.6% to 5.4% with an operating microscope compared with surgical loupe. 6, 8, 12 Subsequently, the routine use of microsurgery for HA anastomosis with higher success rates was reported in Hong Kong, Taiwan, and South Korea. 12 However, compared with microsurgery on the head, neck, and extremities, there are several technical difficulties with HA reconstruction during LDLT. First, the recipient artery is located deep in the peritoneal cavity. 1, 9, 13 The vessel ends can be more than 15 cm from the abdominal wall.
Second, the patient's respiratory movement makes the microsurgical HA anastomosis more difficult because this movement is amplified under a microscope. Third, the recipient or graft HA often has an insufficient length to reverse a micro-clamp. Therefore, microsurgeons need time to learn the related skills and gain experience to achieve good outcomes when performing HA anastomosis. 1, 4, 9 By contrast, the use of a surgical loupe is simpler than microscopy and easier to teach to trainees. 1, 9 As experience in LDLT grew and high-power loupe optics (4.5-6×) became available, some surgeons became comfortable using microsurgical techniques without a microscope and recent reports demonstrated that the use of surgical loupes gave outcomes for the anastomosis that were at least similar and that the procedure with a surgical loupe was superior to microscopy in terms of anastomosis time. Of course, arterial anastomosis using a surgical loupe could be difficult to perform in cases in which the donor HA has too small a diameter (less than 1.5 mm), a short stump such as the right posterior sector or double-donor HA stumps with a smaller caliber and short length despite the right lobe grafts. We tried to apply HA anastomosis with a high-power loupe during LDLT using the right posterior sector graft and right lobe graft with double HA stumps in the early period, but immediate revision using a microscope was inevitable due to the small diameter and short stump. Therefore, we suggest reconstruction using a microscope in the cases mentioned above rather than using a surgical loupe.
In conclusion, HA reconstruction under a surgical loupe can be performed by less experienced transplant surgeons with low complication rates and yields results similar to that using an operative microscope if they have basic concepts for vascular anastomosis and enough experiences in LDLT and major hepatobiliary surgery. However, further studies are needed to apply this technique using a surgical loupe to LDLT with partial liver grafts, which have small and short HAs.
